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Role of FisB-Cardiolipin Interactions in Membrane Fission during
Sporulation in Bacillus Subtilis
Martha Braun1, Christopher Daniel Rodrigues2, David Rudner2,
Erdem Karatekin1.
1Cellular andMolecular Physiology, Yale University, West Haven, CT, USA,
2Microbiology and Immunobiology, Harvard, Boston, MA, USA.
Membrane fission is a fundamental process required for endocytosis, mem-
brane trafficking, enveloped virus budding, phagocytosis, cell division and
sporulation. Despite the diversity of fission reactions, there are only two fission
machineries known in eukaryotes (dynamin and ESCRT-III), and none in bac-
teria. We describe FisB, a 254 amino acid protein which is conserved among
spore-forming bacteria. FisB mediates membrane fission during sporulation
in B. subtilis. Upon starvation, B. subtilis divides asymmetrically, producing
a large mother cell and a small forespore. The mother cell then engulfs the
forespore. Like in phagocytosis or endocytosis, engulfment ends with a fission
event that releases the forespore into the mother cell cytoplasm. FisB possesses
a short cytoplasmic N-terminus, one predicted transmembrane domain, and a
large extracytoplasmic portion. In FisB knock-out cells, engulfment proceeds
normally, but the fission step is severely impaired (Doan et al., Genes &
Dev. 2013).
The goal of our research is to understand how FisB mediates membrane fission.
Therefore we investigate how FisB is able to form oligomers that translocate to
the fission site and sever membranes. The extracytoplasmic domain (ECD) of
FisB binds cardiolipin (CL) in a floatation assay and binding is highest at low
salt and undetectable at 500 mM NaCl, suggesting electrostatic interactions
between FisB and CL. FisB(173-220) was identified as the cardiolipin binding
domain.
FisB reconstituted into artificial liposomes efficiently mediates membrane mix-
ing only in the presence of CL. Fluorescently tagged ECD binds to cardiolipin-
containing giant unilammellar vesicles and induces aggregation, membrane
deformation and collapse. CL is enriched at the poles of B. subtilis, presumably
in microdomains that prefer negatively curved regions.
We hypothesize that CL may regulate recruitment and oligomerization of FisB.
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Interaction of Model Lipid Vesicles with Alveolar Macrophages
Robinah Maasa.
Indiana University-Purdue University Indianapolis, Indianapolis, IN, USA.
Macrophages play key roles in host defense by recognizing and engulfing
foreign and apoptotic bodies. To accomplish this task, they rely on complex
molecular interactions involving both lipids and proteins. Previous studies
have shown that surface exposure of phosphatidylserine by apoptotic cells is
required for their successful clearance, suggesting specific lipid-protein interac-
tions at least for the initiation of phagocytosis of apoptotic cells. However,
macrophages can engulf foreign and apoptotic bodies that substantially vary
in size suggesting that non-specific interactions over a range of length scales
may be relevant. Here we investigate the correlation between physical proper-
ties of lipid bilayers and their engulfment by macrophages. We use a combina-
tion of scattering and spectroscopic methods to quantify lipid interactions
and flow cytometry to measure engulfment rates. Our previous engulfment
measurements at 1 hour after incubation have shown preference for
phosphatidylserine-rich lipid vesicles over phosphatidylcholine. However,
the extent of engulfment could depend on incubation time and on the exact state
of macrophages. In the current study, we measure the engulfment of lipid
vesicles made of either PS or PC lipids as a function of incubation time.
This important aspect is relevant to the dynamics of macrophage activity.
1918-Pos Board B55
Investigation of the Structure of Dimers of the Voltage-Gated Proton
Channel
Adam C. Chamberlin1, Sergei Noskov1, Feng Qiu2, Peter Larsson2.
1Department of Biological Sciences, University of Calgary, Calgary, AB,
Canada, 2Department of Physiology and Biophysics, University of Miami,
Miami, FL, USA.
Voltage-gated proton channels (Hv1) can operate functionally as monomers;
however in vivo they are found as dimers which exhibit cooperative gating.
The mechanism by which the cooperativity is enforced however is incom-
pletely understood. However, it is known that removal of the tail region of
the dimers, residues 234 to 255 in human Hv1, remove the cooperativity.
Our investigation of the structure of the dimers and mechanism by which coop-
erativity in gating was enforced involved the extension of a homology model
for the monomer which has been validated and reported in the literature, Cham-
berlin et al [1], to include a homology model of the dimer tail region based on
the crystal structure of Fujiwara et al [2]. Subsequent investigation of the tailregion of the closed and open state dimers were sampled using coarse-
grained methods and further refined using all-atom molecular dynamics simu-
lations. Finally, the gating path was sampled using targeted molecular
dynamics simulations.
[1] Chamberlin A, Qiu F, Rebolledo S, Wang YB, Noskov SY, Larsson HP.
Hydrophobic plug functions as a gate in voltage-gated proton channels. P
Natl Acad Sci. 2014;111:E273-E82.
[2] Fujiwara Y, Kurokawa T, Takeshita K, Kobayashi M, Okochi Y, Nakagawa
A, et al. The cytoplasmic coiled-coil mediates cooperative gating temperature
sensitivity in the voltage-gated Hþ channel Hv1. Nature Communications.
2012;3.
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Activation of the Ca2D-Activated Chloride Channel TMEM16A
Novandy K. Lim, Janine D. Brunner, Stephan Schenck, Raimund Dutzler.
Biochemistry Institute, University of Zurich, Zurich, Switzerland.
TMEM16A is a Ca2þ-activated chloride channel that is involved in various
physiological processes. The functional behavior of the murine ion channel
mTMEM16A has been characterized by electrophysiology. mTMEM16A
forms anion-selective channels that are activated by Ca2þ-binding from the
intracellular side. Channel activation by Ca2þ was shown to be voltage-
dependent with an increase of the EC50 at negative potentials. Although studies
have identified residues contributing to Ca2þ binding, a mechanistic under-
standing of channel activation and the relationship to the voltage-dependence
remained unknown.
To address this question, we have determined the structure of nhTMEM16, a
fungal member of TMEM16 family, which functions as lipid scramblase.
Due to the close relationships within the family, however, this protein also pro-
vides a valuable framework to investigate structure-function relationships
in mTMEM16A. The structure of nhTMEM16 reveals a highly conserved
Ca2þ-binding site within each subunit of the dimeric protein. In this site, up
to two Ca2þ ions are coordinated by six residues, five of which carry a negative
charge. The location of the site within the transmembrane region provides
an explanation for the voltage-dependence of Ca2þ activation observed in
TMEM16A. To probe the importance of the corresponding residues, single mu-
tants of TMEM16A were expressed in HEK293T cells and studied by excised
patch electrophysiology. The Ca2þ dose-response relationships of all mutants
show a shift to higher Ca2þ concentrations, indicating that the interaction of
these residues with Ca2þ is key to channel activation. The structure also hints
at a region in the protein, termed the ‘subunit cavity’, as a potential site of ion
permeation. The proximity of the ‘cavity’ to the Ca2þ-binding site and the pres-
ence of residues previously shown to affect ion selectivity of the channel, sug-
gests this region as the likely candidate for the ion conduction path in TMEM16
channels.
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Investigating the Effect of PKA Phosphorylation on Intramolecular
Interactions in Purified Full Length Wildtype CFTR
Stephanie Chin1,2, Mohabir Ramjeesingh3, Paul Eckford3, Christine Bear3,4.
1Hospital for Sick Children, Toronto, ON, Canada, 2Biochemistry, University
of Toronto, Toronto, ON, Canada, 3Molecular Structure and Function, The
Hospital for Sick Children, Toronto, ON, Canada, 4Physiology,
Biochemistry, University of Toronto, Toronto, ON, Canada.
Cystic fibrosis transmembrane conductance regulator (CFTR) is an unique
anion channel of the ATP-Binding Cassette (ABC) superfamily. CFTR consists
of two nucleotide binding domains (NBDs), two membrane spanning domains
(MSDs) and a regulatory (R) domain. There are also alpha-helical extensions
and intracellular loops (ICLs) which couple the NBDs andMSDs via ‘‘coupling
helices’’. The regulation CFTR channel activity involves protein kinase A
(PKA) phosphorylation at the R domain. However, not much is known about
the effect of phosphorylation on the intramolecular interactions of full length
CFTR. We propose that phosphorylation modifies the interactions of full length
CFTR, especially at the ICL4:NBD1 interface. Previous studies of a similar
ABC transporter, BtuCD, have shown that intrinsic tryptophan fluorescence
can detect urea sensitive changes in the coupling between the MSDs and
NBDs of full length BtuCD. Thus, we decided monitor intrinsic tryptophan
fluorescence to study the effect of phosphorylation on the purified full length
Wt CFTR. Interestingly, we found that the urea sensitive changes in the
intrinsic tryptophan fluorescence of full length CFTR were modified upon
PKA phosphorylation. We were interested to determine whether this result
was due to phosphorylation modifying the ICL4:NBD1 interface. In order to
specifically study that interface, cysteine crosslinking studies were employed
using a short cell permeable cysteine crosslinker on a cys-less CFTR mutant
with two cysteines, V510C (NBD1) and A106C7C (ICL4), transfected in
HEK293 cells. Phosphorylation induced by cAMP agonists in cells resulted
Tuesday, February 10, 2014 383ain a significantly increased the crosslinking of cysteines at the ICL4:NBD1
interface compared to the inhibition of phosphorylation with adenyl cyclase in-
hibitors. This suggests that phosphorylation modifies the ICL4 and NBD1 inter-
face. These studies further our understanding of the molecular mechanisms
underlying phosphorylation dependent gating of CFTR.
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Biphasic Influence of Bulk Anionic Phospholipids for PIP2 Gating of
Kir2.1 Channels through Binding to Two Distinct Sites
Sun-Joo Lee1, Jacob Gyore2, Sarah Heyman1, Colin G. Nichols3.
1Washington University, St. Louis, MO, USA, 2The University of Iowa, Iowa
City, IA, USA, 3Cell Biology and Physiology, Washington University, St.
Louis, MO, USA.
Inwardly rectifyingpotassium (Kir) channels regulate cell excitability andpotas-
sium homeostasis. Our recent analyses show that Kir2.1 channels have a distinct
(‘Secondary’) anionic phospholipid (PL(-)) binding site, in addition to the crys-
tallographically determined (‘Primary’) PIP2 activating site. Docking results
suggest that PL(-)s can bind to either site and therefore might compete with
PIP2 at the ‘Primary’ site and inhibit. To test this prediction we performed the
following assays with purified human Kir2.1 channels reconstituted in lipo-
somes. First, Kir2.1 activity was measured with a fixed PIP2 content and with
increasing content of various PL(-)s. At higher PL(-) levels, inhibition was
observed that correlated well with predicted affinity at the ‘Primary’ site. The
‘Secondary’ site is generated by residues K64 and K219. K64Cmutant channels
are insensitive to PL(-) and onlyweakly PIP2-activated, but high PIP2 sensitivity
is regenerated by tethering of K64C to the membrane by decyl-MTS modifica-
tion. Inhibition byPL(-)swasmore potent in decylmodified ‘Secondary’ site sin-
gle (K64C) and double (k64C/K219A) mutant channels. It’s likely that PL(-)
binding at the ‘Primary’ site is augmented in these mutants as a consequence
of increased effective PL(-) in the membrane as well as reduced electrostatic
repulsion from the PL(-) at the ‘Secondary’ site. Finally PIP2 sensitivity was
measured in the presence of increasing PL(-)s. The apparent PIP2 Kd was left-
shifted at low PL(-) (as expected for the activatory effect at the ‘Secondary’
site), but shifted back to the right at higher PL(-)s, consistent with an inhibitory
effect of bulk PL(-) at the ‘Primary’ site, if present at high enough levels in the
membrane. Such interplay between PIP2 and other PL(-)s on Kir2.1 channel
gating can be predicted by a mechanistic two-site binding model.
1922-Pos Board B59
Conformational Changes that Opens TrkH Ion Channel
Hanzhi Zhang, Yaping Pan, Ming Zhang.
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A high intracellular potassium ion concentration is required for many essential
cellular functions. To carry potassium ions across membranes, organisms must
express potassium ion transport proteins, such as proteins in the Superfamily of
Potassium Transporters (SKT). TrkH, a member of SKT, is required for bacte-
rial growth in environments with low external potassium concentration. Previ-
ous studies showed that TrkH is an ion channel and ATP increases channel
activity through an associated cytosolic protein, TrkA, which forms a homote-
trameric ring. However, whether ATP regulation is preserved in TrkH of other
organisms, and how ATP upregulates TrkH via TrkA are still not clear. Crystal
structures of TrkH and TrkA suggest that movement of a tilted helix in TrkH
and a conformational change in the TrkA tetrameric ring are required for the
gating process. We have expressed and purified TrkH and TrkA from various
pathogens, reconstituted them into liposomes and will examine the effects of
ATP and other potential ligands on their activity. We will test our structure-
inspired gating model by measuring the rate of crosslinking between strategi-
cally placed pairs of cysteine mutations.
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Identification of a Cholesterol Recognition/Interaction Amino Acid
Consensus Domain in STIM1 and its Role in SOCE
Jonathan E. Pacheco, Luis Vaca.
Cellular biology, Instituto de Fisiologı´a Celular, Mexico City, Mexico.
Store-operated calcium entry (SOCE) is a mechanism of calcium influx acti-
vated after the depletion of intracellular stores. The main components of this
mechanism are Orai1, the calcium channel, and STIM1 a calcium sensor, which
oligomerizes and activates Orai channels when calcium levels drop inside the
endoplasmic reticulum. The activation of Orai1 requires a series of molecular
rearrangements of STIM1, which culminate in the final exposition of a domain
within STIM1 known as SOAR (Stim Orai Activating Region). Specialized
plasma membrane regions enriched in sphingolipids and cholesterol, have
been shown to modulate SOCE also. In this work, we identified in the SOAR
region a cholesterol recognition/interaction amino acid consensus (CRAC)
domain, which appears to be important for the STIM1-Orai1 interaction.Through mutagenesis of this domain, we found by FRET microscopy that
SOAR and STIM1 mutated in the CRAC domain loose its capacity to interact
with Orai1. This finding suggests that the association of STIM1 to cholesterol
resides in a discrete region in STIM1 and may play an important role for the
subsequent STIM1-Orai1 association.
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Modeling Structure of Human Papillomavirus Type 16 E5 Protein - a
Molecular Dynamics Simulation Study
Dhani R. Mahato, Wolfgang B. Fischer.
Institute of Biophotonics, National Yang MIng University, Taipei, Taiwan.
Human papillomaviruses (HPV) infect mucosal and cutaneous epithelial cells
leading to precancerous lesions. The HPV genome encodes three oncoproteins:
E5, E6 and E7 from which E5 is the least understood. E5 of HPV-16, one of the
‘‘high risk’’ types of HPV strains, is an 83 amino acid hydrophobic membrane
protein, with three hydrophobic transmembrane domains (TMDs). It oligomer-
izes into dimers or higher oligomers which form ion channels most likely by
forming hexameric bundles. Computational modeling is used to obtain struc-
tural and functional features of this protein.
The three TMDs of E5 are identified using secondary structure prediction
programs. The TMDs are assembled into a monomer by a ‘Sequential’ and
‘Simultaneous’ docking approach in which the conformational space of the
three helices is screened by simultaneously altering distance, tilt and rotational
angle between them. In a consequent step, loops linking the three helices are
added using the program Loopy. Finally six monomers are assembled into a
hexameric bundle. The bundle with TMD2 lining the pore remains intact allow-
ing formation water filled pocket during entire 100 ns MD simulations. The
water pocket formed by the six TMD2s of the bundle is mostly mantled by
hydrophilic residues such as Ser-35, 37 and Thr-38, 40. Bundles with the
other two TMDs, TMD1 and TMD3, mantling the pore are energetically almost
undistiguishable from the bundle with TMD2 facing the pore.
With TMD2s facing the pore, ion channel activity possible. All asymmetric
bundle architectures account for interactions of E5 with host proteins.
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Bcl-xL Destabilization of Ceramide Channels: Role of the Hydrophobic
Groove
Kai-Ti Chang, Andriy Anishkin, Marco Colombini.
University of Maryland, College Park, MD, USA.
Ceramide forms channels in the mitochondrial outer membrane capable of
releasing proteins that trigger the execution phase of apoptosis. Bcl-xL inhibits
the formation of these channels. Previous work indicated the hydrophobic
groove of Bcl-xl may be the site that binds the ceramide channel resulting in
its destabilization. Single residues in the hydrophobic groove were replaced
with others with different biophysical properties generally resulting in a reduc-
tion of the potency of the mutated Bcl-xL but occasionally the potency was
increased. Binding of fluorescent ceramide (C11 TopFlour ceramide) to the
Bcl-xL protein was also affected by the mutations in a manner correlated to
the functional changes in mitochondria. These results demonstrate that the hy-
drophobic groove is indeed the binding site. When Bcl-xL binds to fluorescent
ceramide, the fluorescence is quenched compared to ceramide dissolved in iso-
propanol indicating that the binding only partially protects the fluorophore from
quenching by water. The quenching is greater in the mutants indicating weaker
binding and greater water contact. This view is supported by molecular dy-
namic simulations showing more motion of the bound ceramide in the mutant
Bcl-xL and thus more access to water. This hydrophobic site also binds to the
BH3 domain of Bax and inhibits Bax channel formation in the mitochondrial
outer membrane. Some of mutants inhibited both channels to a similar extent.
However, 2 mutants acted sufficiently differently on the two channels indi-
cating overlapping but distinct binding sites. These mutants may be useful
for distinguishing between these two modes of mitochondrial outer membrane
permeabilization. (Supported by NSF grant MCB-1023008)
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Conformation Changes of a 7TM Receptor Caused by the Sample Envi-
ronment as Studied by Multidisciplinary Biophysical Methods
Xiaoyan Ding1, Zhen Cao1, Bo Peng1, Anthony Watts2, Xin Zhao1.
1East China Normal University, Shanghai, China, 2University of Oxford,
Oxford, United Kingdom.
Choosing an appropriate sample environment is critical in structural biology,
not only for trapping functionally relevant intermediate states of a membrane
protein, but also for interrogation of structure, conformation and dynamics to
elucidate structure-function relationships. Functional assays and structural
studies should therefore be performed in the same environment.
Bacteriorhodopsin (bR), a member of the microbial rhodopsin family 7TM
proteins, acting as a light-driven proton pump for light energy capture in
